ROMO1 is an essential redox-dependent regulator of mitochondrial dynamics.
The dynamics of mitochondria undergoing fusion and fragmentation govern many mitochondrial functions, including the regulation of cell survival. Although the machinery that catalyzes fusion and fragmentation has been well described, less is known about the signaling components that regulate these phenomena. We performed a genome-wide RNA interference (RNAi) screen and identified reactive oxygen species modulator 1 (ROMO1) as a redox-regulated protein required for mitochondrial fusion and normal cristae morphology. We showed that oxidative stress promoted the formation of high-molecular weight ROMO1 complexes and that knockdown of ROMO1 promoted mitochondrial fission. ROMO1 was essential for the oligomerization of the inner membrane guanosine triphosphatase (GTPase) OPA1, which is required to maintain the integrity of cristae junctions. As a consequence, cells lacking ROMO1 displayed fragmented mitochondria and loss of cristae, causing impaired mitochondrial respiration and increased sensitivity to cell death stimuli. Together, our data identify ROMO1 as a critical molecular switch that couples metabolic stress and mitochondrial morphology, linking mitochondrial fusion to cell survival.